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Introduction
The purpose of the present paper is to give a viewpoint of the Einstein's Machian Program, hinting that, under this optics, it may have been already attained, through the possible rotation of the Universe, and, after reviewing an earlier paper (Berman 2011) published by this Journal, whereby the Godlowski method of introducing rotation in Cosmology, was presented, we then solve the three NASA anomalies, which are, the linear deceleration of the Pioneers in outer space,the spin-down of the same space-craft, and the flyby anomaly that accompanies gravity assists, with a surplus of kinetic energy in the end. In the previous paper, neither M.S. Berman ( ) Instituto Albert Einstein/Latinamerica, Av. Candido Hartmann, 575 # 17, Curitiba, PR, fly-by anomaly, nor the Einstein's program, nor the different kinds of relativistic rotations, had been considered. According to Ni (2011), the ultra-precise Gravity Probe B experiment analysis, leaves open the cosmic polarization rotation (which may be due to a Universal rotational state), and the limit of angular speeds attained by this experiment can be checked from the abstract of his paper, to be around 10 −17 s −1 .
Though Einstein originally recognized Machian ideas as important, Barbour (1990) describes that Einstein concentrated himself first, into the construction of a local gravitational theory, delaying consideration on the relativity of motion, to a future global approach. According to Einstein, one should not speak, in a gravitational theory, on absolute accelerations of a coordinate system, as much as, in the Special Relativity Theory, one could not work with absolute speeds of an observer. This apparent betrayal of Machian ideas, was necessary in order to create the field equations of General Relativity. Mach, on the other side, placed the distinguished accelerated reference frame, within the distant starts, i.e., the local distinguished reference frames, could be identified by looking at the Cosmos as a whole.
Godlowski (2011) has reviewed the universal rotational evidence. Fine-tuning arguments can also be invoked in favour of such rotation. Gamow (1946) , considered that a rotation and expansion of the Universe could have the same physical origin, and we equated the angular speed with the Hubble's parameter. Ni (2008 Ni ( , 2009 shows that a rotation of 0.1 radians exists in the polarization of CMBR. If we divide this angle by the age of the Universe, we find about 10 −19 rad/s. Chechin (2010) finds the same result, by other token. The present author, thinks that it is time ripe now to reconsider the role of the distant stars reference frame as a paradigm of accelerations, and introducing the Universal rotation as proposed by Berman (2007) .
The angular speed ω ∼ = c R , was adopted, because it carries a peculiar rotational state of the Universe, with deceleration a cp = −ω 2 R, which coincides with the Pioneers anomalous deceleration described in next section. In 2010, Berman and Gomide (2010) succeeded in making a full General Relativistic model of the rotating and expanding Machian Universe that was further generalised by Berman and Gomide (2011b) into a full class of models, thus explaining the three NASA anomalies.
The proof that the above picture of Gamow (1946) is correct, lies on the following calculation: consider a Machian Universe (a "spherical" ball) and let us calculate the Newtonian gravitational acceleration on the surface, a g = − GM R 2 . If the zero-energy Universe is considered, so that the sum of the inertial energy Mc 2 with the negative self-energy GM 2 R , and is equated to zero, we find On the other hand, when Godlowski's et al. (2003) idea is taken into account for a rotating Universe (see Sect. 3), we will find, neglecting the cosmological constant, κρ = 6H 2 , and with ρ = M 4 3 πR 3 , and H ∼ = ω, we recover the result ω ∼ = c R , thus winding up with Berman's angular speed of the Universe. So Einstein's Machian Program now has the prototype of a distant stars acceleration-it is the Pioneers first anomaly in action, as we shall see below.
The three NASA anomalies: Pioneers and fly-by
Several authors have alerted the scientific community about the fly-by anomaly: during Earth gravity assists, spacecraft has suffered from an extra-energization, characterized by a positive extra speed, such that, measured "at infinity", the hyperbolic orbiting object presented an empirically calculated V /V around 10 −6 . A formula was supplied, (Anderson et al. 2008) ,
where ω, R and c stand for the angular speed and radius of the central mass, and the speed of light in vacuo. Wilson and Blome (2009) , delivered a lecture in Montreal, and called the attention to the fact that the most trusted cause for both this anomaly, and the Pioneers, would be "rotational dynamics". I had, by that time, published my results on the Pioneers Anomaly, through the rotation of the Universe (Berman 2007). Now, I shall address the three anomalies. The first Pioneers Anomaly is the deceleration of about −9 × 10 −8 cm s −2 suffered by NASA space-probes travelling towards outer space (Anderson et al. 2002) . It has no acceptable explanation within local Physics, that might also solve the other two anomalies (see below). But, if we resort to Cosmology, it could be explained by the rotation of the Universe. Be cautious, because there is no center or axis of rotation. We are speaking either of a Machian or a General Relativistic cosmological vorticity. It could apply to each observed point in the Universe, observed by any observer. Another explanation, would be that our Universe obeys a variable speed of light Relativistic Cosmology, without vorticities. However, we have shown elsewhere, that both models are equivalent.
Ni (2008, 2009) , has reported observations on a possible rotation of the polarization of the cosmic background radiation, around 0.1 radians. As such radiation was originated at the inception of the Universe, we tried to estimate a possible angular speed or vorticity, by dividing 0.1 radians by the age of the Universe, obtaining about 10 −19 rad s −1 . Chechin (2010), and Su and Chu (2009) results are in concordance.
The numerical result is very close to the theoretical estimate, by Berman (2007),
where c, R represent the speed of light in vacuum, and the radius of the causally related Universe. If we calculate the centripetal acceleration corresponding to the above angular speed (1), we find, for the present Universe, with R ≈ 10 28 cm and c 3 × 10 10 cm/s,
Our model, has been given a General Relativistic cosmological equivalent treatment (Berman and Gomide 2010, 2011a) , with the same results (1) and (2). This value matches the observed experimentally deceleration of the NASA Pioneers' space-probes. Now, Hubble's constant, in the authoritative Weinberg's book (Weinberg 2008), is quoted as H 0 = 3 × 10 −18 s −1 . We are, thus, tempted to write,
The key result for all these subjects, is that hyperbolic motion, extends towards infinity, and, thus, qualify for cosmological alternatives, and boundary conditions. The flybys, and the Pioneers, are in hyperbolic trajectories, when the anomalies appear, so that Cosmology needs to be invoked.
If we take an imperfect fluid, the Raychaudhuri's equation yields a vorticity term. But may also, with a nondiagonal metric, like Kerr's, introduce rotations. The most general kind of rotating Universe, that resembles the Robertson-Walker's one, with perfect fluids, would be a generalized RW's metric, containing a metric temporal coefficient that could vary with time. In terms of the existing
